INTRODUCTION k-Toxin of Clostridium perfringens was identified as a collagenase (Oakley , Warrack and van Heyningen, 1946) . The titration of k-toxin and antitoxin has often been carried out by the azocoll method described by Oakley et al. (1946) . The titration, however, is influenced greatly by the presence of other proteolytic enzyme(s) since azocoll is not a specific substrate for collagenase (MacLennan, Mandl and Howes, 1953; Sreebny, Mayer and Bachem, 1955) . Recently, we found that the azocoll method was not applicable to the titration of k-antitoxin since azo-dye was released by the presence of normal or antiserum alone.
Although native collagen is a specific substrate for collagenase, it is not suitable for routine titration of k-antitoxin because of the technical difficulty in determining the end point of neutralization of k-toxin by the antitoxin. This paper describes a method for eliminating the non-specific release of the dye from azocoll and also a reliable and rapid assay method for titrating k-toxin and antitoxin with pretreated azocoll. dye from azocoll. We tested, therefore, various sera and their fractions as well as proteolytic enzymes for the dye releasing ability. Figure 1 shows that the dye was released not only by the enzymes but also by sera of various healthy animals and that this ability of serum was due to albumin but not to globulin.
Heatcoagulated serum or egg-white, when incubated in the azocoll suspension at 37 C overnight, was stained deeply with azo-dye. The dye-releasing ability was also demonstrated with PVP which is often used as a substitute for albumin and to a lesser extent with a culture medium and papain digest of beef (Table 1) . Reference k-toxin. The measurement was made in triplicate.
The reference k-toxin in an azocoll EP suspension was incubated at 37 C and the extent of digestion of the substrate was determined.
As shown in Fig. 3 , the reaction proceeded at a constant rate within 4 hr. The release of dye was found to be directly proportional to the toxin concentration as shown in Fig. 4 . Figure 5 shows that the susceptibility to k-toxin of azocoll pretreated with Three kD of the reference k-toxin were used.
The measurements were carried out in triplicate. Fig. 4 . Relationship between the concentration of k-toxin and dye release from azocoll EP.
The reference k-toxin was used. The measurements were carried out in duplicate. papain or PVP or with both was apparently greater than non-treated azocoll. Similar experiments were carried out with collagen as a substrate. As shown in Fig. 6 , the reaction proceeded more rapidly with collagen than with azocoll •› ---•›: Dye release from azocoll .
•oe•\•oe : Digestion of collagen.
•\: Protein content.
EP. The determination with collagen, however, was subject to a larger fluctuation than that with azocoll EP.
The patterns of elution as determined by both methods of k-toxin from a column of Sephadex G-100 were similar (Fig. 7) . The ratio of the amount of ktoxin determined by the azocoll method to that of the collagen method was nearly constant throughout the peak of k-toxin.
These facts suggest that the azocoll EP is useful in estimating k-toxin of C. perfringens type A.
Preliminary Experiments for the Titration of k-Antitoxin
Neutralization of the collagen-digesting activity of k-toxin as determined by the collagen method (A) did not proceed at a constant rate ; the activity was not neutralized completely even with a large amount of the antitoxin.
The end point of neutralization could not be determined by this method (Fig. 8) . On the other hand, the collagen method (B) was proved to be also useful in determining the end point, as shown in Table 3 . A similar experiment was carried out using 5 kD in order to compare with the results obtained by the azocoll method in Table 3 . Neutralization of k-toxin with antitoxin by the collagen method (B)
1) The antitoxin used was the reference k-antitoxin diluted to 1:100. 2) Tube 2 was taken as indicating the end point.
+ , Collagen fibers were digested. -, Collagen fibers were not digested. The amounts of the test toxin were 1 kD. The antitoxin used was the reference antitoxin. Fig. 9 . The amount of the reference antitoxin required to neutralize 5 kD completely was about 0.0062 ml by the collagen method B (Table 3) , while that by the azocoll method was 0.005 ml (from Fig. 9) .
To answer the question of whether the end point of neutralization determined by both method would coincide or not, another neutralization experiment was carried out with toxin and antitoxin of higher concentrations where visible flocculation occurred in the equivalence zone. The toxin and antitoxin were mixed, as shown in Table 4 , to cover the whole range from toxin excess to antitoxin excess which were calculated from the neutralization curve by the azocoll method in Fig. 9 . Precipitate appeared in all tubes after 30 min at room temperature. After the mixtures were kept at room temperature overnight, the precipitates formed were removed by centrifugation and washed well with chilled water and resuspended in the buffer to the original volume of the mixture.
The i-toxin activity and the ability to neutralize k-toxin were checked using both azocoll EP and collagen as substrates on the supernatants and the suspensions of the precipitates. Both the toxic activity and the ability to neutralize k-toxin in the supernatants were determined quantitatively by the azocoll EP method and qualitatively by the disappearance of collagen. The toxic and antitoxic activities of precipitates were examined qualitatively with azocoll EP since the activities were too low to be titrated.
As shown in Table 4 , the results of the tests on the toxic activities of the supernatants showed clearly that the end points were almost similar irrespective of the substrates used. This was further confirmed by the fact that the precipitates formed in a slightly toxin excess region (Tubes 2 and 4) showed a slight toxic activity but neither in Tube 6 which was near the end point nor in the antitoxin excess region. In addition, the precipitates from the antitoxin excess region showed the activity to neutralize k-toxin.
The preceding findings were supported by titrating the antitoxic activities of the supernatants. ND, Not done; tr, Trace. 2) Toxin concentration : 500 kD/ml.
3) The amount of the remaining toxin was expressed quantitatively when the azocoll EP method was used. Detection of the toxic activity with collagen was carried out only qualitatively by observing disappearance of the collagen. 4) Tests were carried out only qualitatively. The proportion of the antitoxin to the toxin for the end point as indicated in Table  4 was very close to that calculated from the neutralization curve in Fig. 9 .
The Use of Azocoll EP as an Indicator in Titrating k-Antitoxin A constant quantity of k-toxin was added with varying amounts of the reference or test antitoxin, and the residual k-toxin was determined by the azocoll EP method. Figure  9 shows the neutralization curves determined by the azocoll EP method.
Neutralization of the dye-releasing activity of k-toxin as determined by the azocoll EP method proceeded at a constant ratio of the amount of the toxin to that of the antitoxin in the toxin excess region only. The end point of neutralization Table  2 ). The antitoxin titers of several serum specimens as determined by the azocoll EP method agreed very well with those by the collagen method (B). As shown in Table 5 , titration was not influenced by the purity and the origin of the test toxin or by those of the antitoxin specimens.
Thus, azocoll EP is much more superior in antitoxin titration to native collagen. With the collagen method (A) a clear end point of neutralization can not be obtained (Fig. 8) ; the collagen method (B) is not accurate enough.
As to the difference in shape between the neutralization curves obtained by the azocoll EP method and the collagen method (A), no reasonable explanation can be given now. However, it is possible to assume that the toxin-antitoxin complex may attack collagen, but not azocoll, to some extent.
It is well known that the ability of antibody against an enzyme to neutralize the enzyme activity is different depending on the structure of both the substrate and the enzyme (Cinader, 1953) . Although antibody to urease could precipitate the enzyme, it was very difficult to neutralize the enzyme activity with the antibody completely. Twenty % of the enzyme activity remained in a large excess of antibody, while the lethality of urease for mouse was completely neutralized in an equivalent mixture.
This was explained by Cinader as follows : The free substrate of a smaller size was able to access to the active site of the enzyme combined with antibody.
However, when the substrate is combined with larger molecules in the structure of the living matter, it can not reach the active site of the enzyme because of structural hindrance caused by the existence of antibody.
The same may occur with collagenase.
The collagen fiber may access to some extent to the active site of the enzyme combined with antibody when the enzyme-antibody complex is in a diluted state.
However, azocoll could not reach the active site because of its structural hindrance.
When, however, aggregates of the complexes become large enough to form precipitates, collagen may not be able to reach the active site of the enzyme.
An alternative explanation may be that the binding of the enzyme with the antienzyme may be influenced by the existence of a substrate of a smaller size, as in the case of phospholipase C of C. perfringens (Cinader, 1953) . Further experiments are required to elucidate the mechanism of the neutralization of k-toxin by the antitoxin.
